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(54) Ruoride crystal, optical article, and production method 



(57) An object of the present invention is to provide 
a fluoride crystal having a high transmittance with 
respect to an excimer laser and an excellent resistance 
with respect to a high output laser, and a production 
method thereof. The fluoride crystal of the present 
invention contains at least one kind of atom selected 
from the group consisting of Zn, Cd, Pb. Li, Bi and Na 
with a content of 10 ppm or less, and having an internal 
transmittance of 70% or more with respect to a 135 nm 
wavelength light. The method of the present invention of 
producing a fluoride crystal comprises conducting a 
refining step of adding a scavenger to a calcium fluoride 



raw material and refining the raw material at least once, 
and a crystal growth step of further adding the scaven- 
ger to the refined raw material and growing a crystal by 
using a crucible lowering method, wherein the amount 
of the scavenger to be added in the first refining step is 
0.04 to 0.1 mol % based on the raw material, and the 
total amount of the scavenger to be added in the subse- 
quent refining steps and the crystal growth step is 10% 
to 50% based on the amount of the scavenger to be 
added in the first refining step. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a fluoride crystal, an optical article for an excimer laser using the fluoride crystal, 
and a method of producing the fluoride crystal. 

10 Description of the Related Art 

An excimer laser attracts attention as only one high output laser to oscillate outside an ultraviolet region so that the 
application thereof is expected in the electronic industry, chemical industry, and energy industry. 

Specifically, the excimer laser is used in processing metals, resins, glass, ceramics and semiconductors, and in a 
75 chemical reaction. 

An apparatus for generating an excimer laser beam is known as an excimer laser oscillating apparatus. A laser gas 
filled in a chamber such as Ar, Kr, Xe, F 2 , Cl 2 is excited by electron beam radiation or electric discharge. The excited 
atoms bond with atoms being in a ground state to produce a molecule existing only in an excited state. The produced 
molecule is called "excimer". Due to its instability, the excimer immediately discharges an ultraviolet ray and falls into 
20 the ground state. This phenomenon is called "bond free transition". An apparatus for taking out a laser beam by ampli- 
fying the ultraviolet ray obtained by the transition in an optical resonator comprising a pair of mirrors is an excimer oscil- 
lating apparatus. 

Among excimer laser beams, a KrF laser and an ArF laser are a light having a wavelength of 248 nm and a light 
having a wavelength of 193 nm in a vacuum ultraviolet region, respectively. Therefore, a glass material having a high 
25 transmittance with respect to the light having these wavelengths must be used in an optical system. Fluorites (i.e., cal- 
cium fluoride crystals) are preferable as the glass material for the optical system. 

The method of producing a f luorite which has been conducted by the present inventors will be explained below. 
FIGS. 9A to 9D are schematic views showing the steps of the method of producing a f luorite crystal which has been 
conducted by the present inventors. 
30 In the step of FIG. 9A, a powdered raw material is placed in a container. In the step of FIG. 9B, the material placed 
in the container is mefted and then cooled. In the step of FIG. 9C, solidified agglomerates are pulverized with a pulver- 
izer made of stainless steel. In the step of FIG. 9D, a f luorite block is produced by melting and gradually cooling the pul- 
verized agglomerates placed in a crucible for crystal growth. 

The step of FIG. 9B is conducted for reducing the change of a bulk density before and after melting in the step of 
35 FIG. 9D, and further for removing impurities in the raw material. For obtaining a higher purity, these steps are repeated 
for a plurality of times. 

In the steps of FIGS. 9B and 9D, a scavenger which is a fluoride of a metal is added to the raw material in order to 
remove CaO generated by the reaction between the raw material (CaF^ and water or the like, or impurities originally 
existing in the raw material. For example, a ZnF 2 scavenger reacts with CaO to form CaF 2 and become ZnO and like. 
40 and oxygen is removed by removing the scavenger at the time of melting the raw material. As a result, CaO is removed 
as the impurity to obtain a fluoride crystal having an excellent transmittance characteristic. 

The obtained fluorite block is cut in a desired thickness, processed and shaped to be a desired lens shape to be 
used as an optical article. 

Although the conventional fluorite functions satisfactorily as an optical article for an ordinary optical system using 
ts a visual light, its optical characteristics deteriorated when radiation of a light beam having a short wavelength and a high 
output such as an excimer laser was repeated for a long time. 

While seeking the cause of the deterioration, the present inventors found out that the cause was derived from not 
only impurities in the raw material but also the added scavenger. That is, with a large amount of the scavenger to be 
added for removing impurities such as oxygen, the scavenger itself and a reaction product thereof remain in the crystal 
>o of fluorite to deteriorate the internal transmittance and durability of fluorite. However, oxygen cannot be sufficiently 
removed by merely reducing the amount of the scavenger. 

SUMMARY OF THE INVENTION 

S The present invention has been completed based on the above finding. A main object of the present invention is to 
provide a fluoride crystal having a high transmittance with respect to a short wavelength light, without the risk of dete- 
rioration of the transmittance characteristics even when a short wavelength light having a high output is repeatedly radi- 
ated thereto for a long time. 
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Another object of the present invention is to provide a fluoride crystal preferable as an optical article for an excimer 
laser of a large aperture (diameter of 250 mm or more). 

Yet another object of the present invention is to provide a fluoride crystal to serve as a highly reliable optical article. 

Yet another object of the present invention is to provide a method of producing a fluoride crystal having a high trans- 
s mittance, without the risk of deterioration of the transmittance characteristics even when a short wavelength light having 
a high output is repeatedly radiated thereto for a long time. 

Yet another object of the present invention is to provide an optical article for an excimer laser without the risk of 
deterioration of the transmittance characteristics even when a short wavelength light having a high output is repeatedly 
radiated thereto for a long time. 
io In order to solve the above-mentioned problems, the present inventions as described below are provided. 

A first aspect of the present invention is a fluoride crystal containing at least one kind of atom selected from the 
group consisting of Zn, Cd, Pb, U, Bi and Na with a content of 10 ppm or less, and having an internal transmittance of 
70% or more with respect to a 1 35 nm wavelength light. 

A second aspect of the present invention is a fluoride crystal containing at least one kind of atom selected from the 
is group consisting of Zn, Cd, Pb, Li, Bi and Na with a content of 10 ppm or less, and containing oxygen with a content of 
50 ppm or less. 

A third aspect of the present invention is the above fluoride crystal further having the internal transmittance of 70% 
or more with respect to a 135 nm wavelength light. 

A fourth aspect of the present invention is a method of producing a fluoride crystal comprising a refining step of 
20 adding a scavenger to a raw material of calcium fluoride for at least once, and a crystal growth step of further adding 
the scavenger to the refined material and growing a crystal by using a crucible lowering method, wherein the amount of 
the scavenger to be added in the first refining step is 0.04 to 0. 1 mol % based on the raw material, and wherein the total 
amount of the scavenger to be added in the subsequent refining step and the crystal growth step is 1 0% to 50% based 
on the amount of the scavenger to be added in the first refining step. 
25 A fifth aspect of the present invention is the above method of producing a fluoride crystal, wherein the oxygen con- 
tent of the scavenger is 0.1% by weight or less. 

A sixth aspect of the present invention is the above method of producing a fluoride crystal, wherein the scavenger 
is zinc fluoride. 

A seventh aspect of the present invention is an optical article for an excimer laser comprising the above fluoride 
30 crystal. 

An eighth aspect of the present invention is an optical article for an excimer laser comprising the fluoride crystal 
produced by the above method of producing a fluoride crystal. 

A ninth aspect of the present invention is an exposing apparatus comprising an illuminating light source, a stage for 
mounting an object to be exposed, and a plurality of optical articles provided in an optical illumination system and/or an 
35 optical projection system, wherein at least one of the optical articles comprises a fluoride crystal having an internal 
transmittance of 70% or more with respect to a 135 nm wavelength light and containing at least one kind of atom 
selected from the group consisting of Zn, Cd, Pb, Li, Bi and Na with a content of 10 ppm or less. 

A tenth aspect of the present invention is the above exposing apparatus, wherein the illuminating light source is an 
excimer laser light source. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing transmitted spectra of calcium fluorides produced with various conditions. 

FIG. 2 is a flow chart for explaining an example of the production steps up to assembly of an exposing apparatus. 
45 FIG. 3 is a schematic cross-sectioned view of a refining apparatus. 

FIG. 4 is a schematic cross-sectional view of a crystal growth furnace to be used in a crystal growth step. 

FIG. 5 is a schematic cross-sectional view of an annealing furnace to be used in an annealing step. 

FIG. 6 is a schematic diagram of an exposing apparatus using optical articles of the present invention. 

FIG. 7 is an optical projection system of an exposing apparatus using optical articles of the present invention. 
so FIGS. 8A and 8B are schematic diagrams of an excimer laser oscillator using optical articles of the present inven- 
tion. 

FIGS. 9A, 9B, 9C and 9D are schematic diagrams showing conventional steps of producing f luorite. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 

A fluoride crystal of the present invention has the content of metal atoms of 10 ppm or less, such as Zn, Cd, Pb, U, 
Bi, and Na, i.e., metal atoms constituting a scavenger to be added in the refining step and the growth step of the fluoride 
crystal, and the content of oxygen atoms of 50 ppm or less. 
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The fluoride crystal containing the above-mentioned atoms with the above content or less has a drastically 
improved optical characteristics and laser beam resistance. That is, a fluoride crystal having a high internal transmit- 
tance with respect to an excimer laser and little optical deterioration with respect to a long term radiation of the laser 
can be provided. 

5 The fluoride crystal of the present invention can be produced by, for example, the following procedures. 

That is, a fluoride crystal can be obtained by conducting a refining step of adding to calcium fluoride as a raw mate- 
rial a scavenger with an addition amount of 0.04 to 0.1 mol % based on the raw material, melting and crystallizing them, 
then a crystal growth step of adding to the refined raw material the scavenger of 1 0 to 50% based on the above addition 
amount and growing a crystal by using a crucible lowering method. According to the above steps, a fluoride crystal hav- 

10 ing a scavenger-constituting metal element content of 10 ppm or less and an oxygen content of 50 ppm or less can be 
produced. The unit "ppm" herein denotes the weight parts per million, representing the weight (^g) of the above atoms 
with respect to 1 g of calcium fluoride. 

It is preferable to repeat an additional refining step for once or two or more times after the above-mentioned refining 
step and then conduct crystal growth. In this case, in order to have the scavenger-constituting metal element content of 

15 10 ppm or less and the oxygen content of 50 ppm or less in calcium fluoride, the scavenger amount to be added in the 
first refining step is 0.04 to 0. 1 mol %, and the total scavenger amount to be added in the subsequent refining steps and 
the crystal growth step is 1 0 to 50% based on the amount to be added in the first refining step. As mentioned above, by 
repeatedly conducting the refining step, the impurity concentration of La, Y and the like can be further reduced so that 
the internal transmittance and the laser beam resistance can be further improved. In particular, La and Y contents can 

20 be 5 ppm or less, and 1 0 ppm or less, respectively. The calcium fluoride crystal of the present invention contains atoms 
constituting a scavenger with the content of the atoms of 10 ppm or less, and has the internal transmittance of 70% or 
more with respect to a 135 nm wavelength light. 

The reason why the transmittance with respect to a 135 nm wavelength light was defined to be the standard is as 
follows. 

25 The present inventors have produced many kinds of calcium fluoride crystals under various different conditions for 
producing fluoride crystals, and measured the internal transmittance and the laser resistance thereof. 

By 1 x 10 3 pulse radiation from a laser with an output of 30 mJ/cm 2 and gamma ray radiation of 1 x 10 4 R/H for 1 
hour to the produced samples, some of samples were colored even though the initial transmittances with respect to 248 
nm or 193 nm as the wavelength of a laser beam were the same. Therefore, it was found that samples easily deterio- 

30 rated and samples not easily deteriorated could not be distinguished if good products were sampled on the basis of a 
transmittance with respect to the wavelength of a laser beam to be used. 

As the results of analysis on the characteristics of the specimen not deteriorated, the present inventors found out 
that good products and not good products could be distinguished based on a transmittance with respect to about 135 
nm, which is much shorter than the excimer laser wavelength. That is, both before and after radiation of a laser beam 

35 or a gamma ray, a calcium fluoride crystal having an internal transmittance of 70% or more with respect to 135 nm 
wavelength at the time of measuring the transmittance is stable with respect to an excimer laser so that by using it as 
an optical article in an excimer laser optical system, a laser light beam to radiate to an object to be processed can be 
stabilized. 

The internal transmittance (%) referred to herein is a value determined by subtracting a light absorptance (%) of a 
40 bulk from 100 %, wherein the light absorptance is a value obtained based on a light absorption coefficient of a sample 
to be measurred having a thickness of 10 mm. 

The method of producing a fluoride crystal and production steps up to assembly of an exposing apparatus will be 
explained in detail with reference to the flow chart of FIG. 2. 

*5 (Synthesis of raw material) 

Before mixing a fluoride raw material and a scavenger, the fluoride raw material needs to be prepared. By reaction 
of calcium carbonate and hydrogen fluoride, powdered calcium fluoride is synthesized. 
Calcium fluoride is produced by the below-mentioned reaction. 

so 

CaC0 3 + 2HF CaF 2 + H 2 0 + C0 2 

In the synthesis step, it is preferable to dry CaF 2 produced in the reaction and bake it to remove a moisture. Thus 
obtained calcium fluoride as the raw material is stored in a vacuum pack so as not to be exposed to the atmosphere. 
* The scavenger at a ratio of 0.04 to 0. 1 mol % based on calcium fluoride is mixed with calcium fluoride. At the time, 
rt is preferable to mix calcium fluoride and the scavenger by placing them in a container and rotating the container. It is 
preferable to use a scavenger having an oxygen content of 0.1% by weight or less. Concrete examples of scavengers 
include zinc fluoride, cadmium fluoride, lead fluoride, lithium fluoride, bismuth fluoride, and sodium fluoride. 
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Here, for example, a zinc fluoride scavenger changes calcium oxide generated under presence of water to calcium 
fluoride. 

CaF 2 + H 2 0 -> CaO + 2HF (300°C) 

5 

CaO + ZnF 2 CaF 2 + ZnO 

The amount of a scavenger to be added is 0.04 mol % to 0.1 mol % based on calcium fluoride as the raw material. 
10 (Refining step) 

The mixture of the calcium fluoride powders and the scavenger is placed in a crucible of a refining furnace as 
shown in FIG. 3. In FIG. 3, numeral 301 indicates a chamber for the refining furnace, which is connected to a vacuum 
exhausting system, 302 a heat insulating material, 303 a heater, 304 a crucible, and 305 a fluoride. 
75 Next, by supplying electric current to the heater, the mixture is molten and the melted calcium fluoride is gradually 
cooled to grow a crystal. 

Since the crystal obtained in this step may have a grain boundary, it is not necessary to conduct precise tempera- 
ture control similarly to the crystal growth step as described later. K is preferable to lower the crucible at the time of grad- 
ual cooling. By lowering the crucible, the effect of removing impurities can be further improved. 
20 From the crystal thus obtained, particularly the upper part, that is, the part finally crystallized with elapse of time is 
removed. Since impurities tend to gather in the part, the impurities having an adverse effect on the characteristics can 
be removed by the removing operation. 

The crystal is placed in the crucible again so as to conduct the series of the melting, crystallizing and removing 
steps for a plurality of times. 
25 In the present invention, it is preferable to conduct the refining process at least two times. 

However, the total amount of the scavenger to be added in the second and subsequent refining steps and the crys- 
tal growth step is 10 to 50% based on the scavenger amount to be added in the first refining step. 

(Crystal growth step) 

30 

The refined crystal is placed in a crucible with a scavenger having an oxygen content of 0.1% by weight or less. 
And the crucible is mounted to a crystal growth furnace shown in FIG. 4. In FIG. 4, numeral 401 indicates a chamber of 
the crystal growth furnace, which is connected to a vacuum exhausting system, 402 a heat insulating material. 403 a 
heater, 404 a crucible, 405 a crucible lowering mechanism, and 406 calcium fluoride. 

35 By heating the crucible to about 1390 to 1450°C t the refined crystal is melted, and then the crucible is gradually 
lowered and cooled to grow the crystal. 

A thermocouple made of platinum (not shown in the drawing) was used for temperature measurement. The crucible 
temperature was measured in the vicinity of the outer wall of the crucible by using the thermocouple. By the detailed 
measurement of the present inventors, it was found that the measured temperature was in the range from 1380 to 

40 1 450°C. That is, when the measured temperature is lower than 1 380°C, the actual temperature of the fluoride raw mate- 
rial in the crucible is low. If the temperature is close to the melting point of the raw material, it takes a long time to com- 
pletely melt the raw material so that the productivity cannot be improved. On the other hand, when the measured 
temperature is higher than 1450°C i the fluoride raw material can be evaporated drastically so that the decline of the pro- 
ductivity due to the raw material loss cannot be avoided. 

45 In the gradual cooling step, it is preferable to lower the crucible at a rate of 0.1 to 5.0 mm per hour. 

(Annealing step) 

The fluoride crystal after the crystal growth is subjected to a heat treatment in an annealing furnace shown in FIG. 
so 5. In FIG. 5, numeral 501 indicates the chamber of the annealing furnace, 502 a heat insulating material, 503 a heater, 
504 a crucible and 505 fluoride crystal. 

In the annealing step, the crucible is heated to 900 to 1000°C. The heating time is preferably 20 hours or more, 
more preferably 20 to 30 hours. 

55 (Processing and assembling step) 

The obtained product is shaped into a desired shape of an optical article (convex lens, concave lens, disk shape, 
plate shape, and the like). As needed, a reflection preventing film may be provided on the surface of the optical article 
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of the fluoride crystal. As the reflection preventing film, magnesium fluoride, aluminum oxide, and tantalum oxide can 
be used preferably. These film can be formed by deposition with the resistance heating, electron beam deposition, or 
sputtering. Since the optical article obtained according to the present invention hardly contains water, the optical article 
has an excellent adhesion property with respect to the reflection preventing film. 

By combining various kinds of lenses thus obtained, an optical system appropriate for an excimer laser, in particu- 
lar, an ArF excimer laser can be provided. Furthermore, an exposing apparatus can be provided by combining an exci- 
mer laser light source, an optical system having a lens made from calcium fluoride and a stage capable of moving a 
substrate. (Exposing apparatus) 

Hereinafter an exposing apparatus using the optical article of the present invention will be explained. 

Examples of exposing apparatuses include a reduction projection exposing apparatus and a lens type equivalent 
magnification projection exposing apparatus. 

In particular, in order to expose the entire surface of a wafer, a stepper employing a step and repeat system is pref- 
erably used which, after exposing one small section (field) of the wafer, can move the wafer by one step so that an adja- 
cent one field is exposed. Of course it can be preferably used in an exposing apparatus employing a micro scannina 
method. ~ 

FIG. 6 shows a schematic configuration of an exposing apparatus of the present invention. In FIG. 6, numeral 21 
indicates an illumination light source portion, and numeral 22 indicates an exposing mechanism portion, which are pro- 
vided independently. That is, they are physically separated. Numeral 23 indicates an illumination light source, for exam- 
ple, a large light source having a high output such as an excimer laser. Numeral 24 indicates a mirror, 25 a concave 
lens, and 26 a convex lens, respectively. The lens 25 and 26 also serve as a beam expander for expanding the beam 
diameter of a laser to about a size of an optical integrator. Numeral 27 indicates a mirror, and 28 an optical integrator 
for evenly illuminating on a reticle. The illumination light source portion 21 includes the laser 23 to the optical integrator 
28. Numeral 29 indicates a mirror, and numeral 30 indicates a condenser lens for collimating a light flux outputted from 
the optical integrator. Numeral 31 indicates a reticle having a circuit pattern formed thereon, numeral 31a indicates a 
reticle holder for holding the reticle, numeral 32 indicates an optical projection system for projecting the reticle pattern, 
and numeral 33 indicates a wafer where the pattern of the reticle 31 is printed through the projecting lens 32. Numeral 
34 indicates an XY stage for holding the wafer 33 and moving in the XY directions at the time of printing. Numeral 35 
indicates a fixed table of the exposing apparatus. 

The exposing mechanism portion 22 comprises the mirror 29, which is a part of the optical illumination system to 
the fixed table 35. Numeral 36 indicates an alignment means to be used for TTL alignment. In general, an exposing 
apparatus further comprises an auto focus mechanism, a wafer conveying mechanism, and the like. These are also 
included in the exposing mechanism portion 22. 

FIG. 7 shows an example of an optical article to be used in an exposing apparatus of the present invention, which 
can be used in the optical projection system of the exposing apparatus shown in FIG. 4. The lens assembly comprises 
1 1 lenses L-j to L n without bonding them to each other. An optical article made of fluorite according to the present 
invention can be used as a lens or a mirror shown in FIG. 6 or 7, or a mirror or a lens of a mirror type exposing apparatus 
(not shown in the drawing). It is more preferable to provide a reflection preventing film or an amplifying reflection film on 
the surface of the lens or the mirror. 

Furthermore, an optical article made of a fluoride crystal according to the present invention can be used as a prism 
or an etalon. 

FIGS. 8A and 8B are schematic diagrams of a configuration of an excimer laser oscillator using an optical article 
made of a fluoride crystal according to the present invention. 

The excimer laser oscillator shown in FIG. 8A comprises a resonator 83 for emitting and resonating an excimer 
laser, a hole 82 for adjusting the excimer laser outputted from the resonator 83, a prism 84 for nan-owing the bandwidth 
of the excimer laser light, and a reflecting mirror 81 for reflecting the excimer laser. 

The excimer laser oscillator shown in FIG. 8B comprises a resonator 83 for emitting and resonating an excimer 
laser, a hole 82 for adjusting the excimer laser outputted from the resonator 83, an etalon 85 for narrowing the band- 
width of the excimer laser light, and a reflection mirror 81 for reflecting the excimer laser. 

An excimer laser beam oscillator comprising a prism or a etalon made of a fluoride crystal according to the present 
invention can make an excimer laser wavelength further narrower through the prism or the etalon, in other woids. can 
make the wavelength of the excimer laser single. 

When an excimer laser beam is radiated to a photosensitive resist on a substrate though a reticle pattern by using 
the exposing apparatus, a latent image corresponding to the pattern to be formed can be provided. 

The scavenger to be used in the present invention includes lead fluoride, cadmium fluoride, zinc fluoride and the 
like. However, since lead and cadmium are poisonous, necessity of waste disposal after use and security of the opera- 
tor increases the production cost. Therefore, zinc fluoride can be used preferably. 

It is preferable that a scavenger used in the present invention has an oxygen content of 0.1% by weight or less. By 
using the scavenger, a fluoride crystal having higher transmittance and laser beam resistance can be produced. 
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The present invention will be explained in further details with reference to Examples. 
Example 1 

5 Zinc fluoride having an oxygen content of 0. 1% by weight was added as a scavenger to a high purity synthetic CaF 2 

raw material, and they were mixed. The added amount of the scavenger was in the range of 0.02 to 0.2 mol % based 
on the calcium fluoride. 

The mixture was placed in the crucible of the refining furnace shown in FIG. 3 and heated to 1360°C to melt the 
mixture. Then, the crucible was lowered and gradually cooled to crystallize the raw material. The upper part of the crys- 
10 tallized calcium fluoride corresponding to the upper part of the crucible was removed by a thickness of 1 mm. 

By repeating the above-mentioned melting, crystallizing and upper part removing steps, a large number of calcium 
fluoride crystal blocks were produced under the conditions of different scavenger amounts and different repeating num- 
bers. 

The above-mentioned crystal blocks were placed in the crucible for crystal growth shown in FIG. 4 with zinc f luo- 
is ride. The inside of a furnace was vacuum-exhausted and the crucible was heated. The vacuum degree was 6 x 10" 4 
Torr and the temperature was 1380°C. 

After maintaining the vacuum degree at 2 x 10" 6 Torr and the temperature at 1360°C for 1 1 hours, the crucible for 
crystal growth was lowered at a 2 mm/hour rate. This rate corresponds to the temperature decreasing rate of about 
100°C/hour. 

20 To a crucible for an annealing furnace, the grown calcium fluoride crystal and zinc fluoride of 0.1% by weight were 
placed. After exhausting the inside of the furnace and raising the crucible temperature from a room temperature to 
900°C at a 100°C/hour rate, it was maintained at 900°C for 20 hours. Then, the crucible temperature was lowered at a 
6°C/hour rate so as to cool the cructole to a room temperature. 

The calcium fluoride crystals thus obtained were cut and abraded to form a 1 0 mm thick disk. The transmitted spec- 
25 tra at a vacuum ultraviolet region, the deterioration ratio of the internal transmittance, the contents of Zn, O, La, Y and 
the like were measured. Results are partially shown in Table 1 and FIG. 1. 

The C content was measured by a combustion method. The contents of Zn and the other elements were measured 
by an ICP mass analysis method. The oxygen content was determined by an inert gas melting infrared ray absorption 
method. By using an apparatus of EMGA620 produced by Horiba Seisakusho mounted with a halogen trap, the calcium 
30 fluoride crystals as the samples placed in an inert gas were melted in a black lead cructole to take out oxygen as CO 
and the infrared ray absorption amount of CO was measured. 

The internal transmittance was measured by using a vacuum ultraviolet ray spectrophotometer. The deterioration 
ratio is represented by the reduction ratio of the internal transmittance at 193 nm wavelength before and after 1 x 10 3 
pulse radiation of the laser having an output 30 mJ/cm 2 and gamma ray radiation of 1 x 10 4 R/H for 1 hour. 

35 



Table 1 



55 



No. 


ZnF 2 amount (mol %) 


Impurity concentration 
(ppm) 


Internal trans- 
mittance (%) 


Deterioration 
ratio (%) 




Refining step 


Crystal growth 
step 












1 


2 


3 




Zn 


O 






1 


0.2 


0.05 




0.05 


20 


<50 


60 


20 


2 


0.1 


0.05 




0.03 


12 


<50 


65 


10 


3 


0.1 


0.025 




0.025 


<0.5 


<50 


70 


0.1 | 


4 


0.08 






004 


<05 


<50 


70 


0.1 


5 


0.08 


0.02 




0.02 


<0.5 


<50 


75 


0.1 


6 


0.08 


0.02 


0.01 


0.01 


<0.5 


<50 


80 


0.1 


7 


0.06 


0.01 


0.01 


0.01 


<0.5 


<50 


80 


0.1 


8 


0.04 






0.004 


<0.5 


<50 


70 


0.1 


9 


0.04 






0.002 


<0.5 


80 


40 


50 


10 


0.02 






0.01 


<0.5 


150 


10 


95 
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The internal transmittances are values measured at 135 nm. 

As apparent from the results shown in FIG. 1 and Table 1, the transmitted spectra in a vacuum ultraviolet region 
changes dramatically depending on the 2nF 2 amount added in the refining step and the crystal growth step. TTiat is, in 
order to obtain a calcium fluoride crystal having a high transmittance and an excellent laser light resistance, not only 
the whole amount of a scavenger to be added in the refining step and the crystal growth step, but also the ratio of the 
amount to be added in the first refining step to the amount to be added in the other steps need to be controlled in a 
predetermined range. In order to produce a calcium fluoride crystal having an internal transmittance of 70%, the 
amount of the scavenger to be added in the first refining step needs to be 0.04 to 0.1 mol %, and the amount of the 
scavenger to be added in the other steps needs to be 10 to 50% based on the amount of the scavenger to be added in 
the first refining step. 

The La and Y contents can be reduced by increasing the number of the refining steps. By conducting the refining 
step for one time, they were 5 ppm and 1 0 ppm, respectively. By conducting the refining step for two times, they became 
1 ppm, 3 ppm, respectively. And by conducting three times, they became 1 ppm or less, and 1 ppm or less, respectively. 
That is, by controlling the scavenger amount in the above predetermined range and increasing the number of the refin- 
ing steps, the content of impurities such as La. Y and the like can be reduced so that the transmittance and the durability 
can be further improved. 

Example 2 

A fluoride crystal was produced in the same manner as that of Example 1 except that ZnF 2 having an oxygen con- 
tent of 0.1 % by weight was used as the scavenger. 

Since the crystal produced by using the scavenger having the oxygen content of 0.1% by weight has little effect of 
residual oxygen, a further stable high transmittance and a low deterioration ratio can be obtained in comparison with 
the spectral transmittance of the calcium fluoride crystal produced in the same conditions as those of Example 1 . 

Table 2 shows the impurity concentration and optical characteristics of calcium fluoride crystals produced as the 
same manner as that of Example 1 , except for using 2nF 2 with an oxygen content of 0.1% by weight. 



Table 2 



No. 


ZnF 2 amount (mol %) 


Impurity concentration 
(ppm) 


Internal trans- 
mittance (%) 


Deterioration 
ratio (%) 




R 


efining st 


ep 


Crystal growth 
step 












1 


2 


3 




Zn 


O 






1 


0.5 


0.05 




0.05 


20 


60 


50 


40 


2 


0.3 


0.05 




0.03 


12 


50 


63 


15 


3 


0.1 


0.025 




0.025 


<0.5 


<50 


70 


0.01 


4 


0.08 






0.04 


<0.5 


<50 


70 


0.01 


5 


0.08 


0.02 




0.02 


<0.5 


<50 


75 


0.01 


6 


0.08 


0.02 


0.01 


0.01 


<0.5 


<50 


80 


0.01 


7 


0.06 


0.01 


0.01 


0.01 


<0.5 


<50 


80 


0.01 


8 


0.04 






0.004 


<0.5 


<50 


70 


0.01 


9 


0.04 






0.002 


<0.5 


80 


40 


50 


10 


0.02 






0.01 


<0.5 


150 | 


10 


95 



As described above, in the Examples of the present invention, calcium fluoride containing a slight amount of metal 
atoms constituting a scavenger and oxygen atoms can be obtained by using a scavenger having a small content of oxy- 
gen and adding a comparatively small amount of 0.04 to 0. 1 mol % to a raw material. 

Accordingly, the present invention can provide a fluoride crystal without the risk of deteriorating the transmittance 
characteristics even when a light beam having a short wavelength and a high output is repeatedly radiated thereto for 
a long time. As a result, a highly stable and reliable optical article for an excimer laser, and a stepper optical system can 
be provided. 
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An object of the present invention is to provide a fluoride crystal having a high transmittance with respect to an exci- 
mer laser and an excellent resistance with respect to a high output laser, and a production method thereof. The fluoride 
crystal of the present invention contains at least one kind of atom selected from the group consisting of Zn, Cd, Pb, Li, 
Bi and Na with a content of 1 0 ppm or less, and having an internal transmittance of 70% or more with respect to a 1 35 

5 nm wavelength light. The method of the present invention of producing a fluoride crystal comprises conducting a refin- 
ing step of adding a scavenger to a calcium fluoride raw material and refining the raw material at least once, and a crys- 
tal growth step of further adding the scavenger to the refined raw material and growing a crystal by using a crucible 
lowering method, wherein the amount of the scavenger to be added in the first refining step is 0.04 to 0.1 mol % based 
on the raw material, and the total amount of the scavenger to be added in the subsequent refining steps and the crystal 

ro growth step is 10% to 50% based on the amount of the scavenger to be added in the first refining step. 

Claims 

1 . A fluoride crystal containing at least one kind of atom selected from the group consisting of Zn, Cd, Pb, U, Bi and 
is Na with a content of 10 ppm or less, and having an internal transmittance of 70% or more with respect to a 135 nm 

wavelength light. 

2. A fluoride crystal containing at least one kind of atom of selected from the group consisting of Zn, Cd, Pb, Li, Bi and 
Na with a content of 1 0 ppm or less, and containing oxygen with a content of 50 ppm or less. 

20 

3. The fluoride crystal according to claim 2, having an internal transmittance of 70% or more with respect to a 1 35 nm 
wavelength light. 

4. A method of producing a fluoride crystal comprising conducting a refining step of adding a scavenger to a raw 
25 material of calcium fluoride and refining the raw material at least once, and a crystal growth step of further adding 

the scavenger to the refined raw material and growing a crystal by using a crucible lowering method, wherein an 
amount of the scavenger to be added in a first refining step is 0.04 to 0.1 mol % based on to the raw material, and 
wherein a total amount of the scavenger to be added in the subsequent refining steps and the crystal growth step 
is 10% to 50% base on the amount of the scavenger to be added in the first refining step. 

30 

5. The method of producing a fluoride crystal according to claim 4. wherein an oxygen content of the scavenger is 
0.1% by weight or less. 

6. The method of producing a fluoride crystal according to claim 4, wherein the scavenger is zinc fluoride. 

35 

7. The method of producing a fluoride crystal according to claim 5. wherein the scavenger is zinc fluoride. 

8. An optical article for an excimer laser comprising the fluoride crystal of any one of claims 1 to 3. 

40 9. An optical article for an excimer laser comprising the fluoride crystaJ produced by the method of any one of claims 
4 to 7. 

10. An exposing apparatus comprising an illuminating light source, a stage tor mounting an object to be exposed, and 
a plurality of optical articles provided in at least one of an optical illuminating system and an optical projection sys- 

45 tern, wherein at least one of the optical articles comprises a fluoride crystal having an internal transmittance of 70% 
or more with respect to a 1 35 nm wavelength light, and containing at least one kind of atom selected from the group 
consisting of Zn, Cd. Pb, Li. Bi and Na with a content of 10 ppm. 

11. The exposing apparatus according to claim 10, wherein the illuminating light source is an excimer laser light 
so source. 



55 
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FIG. 3 
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FIG. 6 
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